In order to understand the behavior of manganese oxide in smelting reduction process, the manganese equilibrium between ironmaking slag containing FeO and silver melt was investigated over the temperature range of 1400-1500°C. The oxygen partial pressure was controlled by CO/C0 2 ratio. Test results on Mn content in silver have been thermodynamically converted into those in supercooled or carbon-saturated iron melts and the activity coefficient of MnO in slag was determined experimentally.
INTRODUCTION
Manganese not only plays an important role in steelmaking process as a deoxidizer but is widely used as an alloying element to affect the mechanical properties of steels.
Manganese in steel can reduce the grainboundary embrittlement caused by sulfur and enhance the mechanical properties such as hardenability, strength, hardness and toughness 1 • Manganese is also added in stainless steelmaking process for replacing Ni to stabilize austenitic stainless steei2.
Presently the manganese content in steel is controlled by addition of ferromanganese into ladle after BOF process.
As Fe-Mn is a relatively expensive alloy and its addition causes temperature drop of molten steel, the direct addition of less expensive manganese ore is desirable in the processes of blast furnace, hot metal pretreatment process and BOF.
While Mn content of hot metal from a blast furnace process range 0.3 to 0.4%, its content in steel decreases down to 0.1-0.15% due to oxidation loss during hot metal pretreatment and BOF process. The smelting reduction of Mn ore in the processes of hot metal pretreatment or BOF would result in a higher Mn content in steels and save FeMn addition is ladle. For smelting reduction of Mn ore in hot metal pretreatment of BOF process it is necessary to understand the operating and thermodynamic conditions of respective iron and steelmaking processes, as well as the behavior of MnO in slag.
The slag compositions of smelting reduction process are quite different from those of conventional blast furnace processes, previous work on the thermodynamic study of MnO containing slag and the system parameters affecting the reduction reaction of MnO has not been performed sufficiently. The activity measurement of MnO and the interaction of slag components in the CaO-SiOz-MnO system have been reported to some extent 3 -5 • However, no published literature was found for the study on the MgO saturated CaO-SiOz-MnO-FeO system, which is essential in both hot-metal pretreatment and steelmaking processes. In this study, the thermodynamic behavior of MnO and the role of FeO in the reaction of MnO reduction are discussed in detail. The effects of oxygen potential, temperature, chemical compositions of slags on the equilibrium manganese distribution between slag and iron are also investigated.
THERMODYNAMIC BACKGROUND
Using iron melt to study the manganese distribution between slag and metal results in experimental difficulties such as higher working temperature, longer reaction time and variation of carbon content by CO/C02 gas mixture. Silver melt instead has merits of lower melting point and The purified gas mixture was blown with the total flow rate of 500ml/min using a gas mixing pump(DIGAMIX 2M200) in order to regulate an accurate mixing ratio of CO/C02
gases. The flow of Ar gas was maintained before influxing a mixture of CO/C0 2 from the top of the reactor. After the equilibrium of reaction was attained, the crucible was withdrawn and quenched in Ar atmosphere. The compositions of slag samples(CaO, Si02, Alz03, MnO, MgO) were determined by the X-ray fluorescent method.
The manganese contents in metal sample and FeO in slag sample were determined by the atomic absorption method. 
RESULTS AND DISCUSSION
Substituting the equilibrium Mn content into Eq. (8), the Raoultian activity coefficient of Mn at infinite dilution in Ag was determined as 0.527 at 1450°C.
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• 1f' ::::::._. As shown in Fig. 6 , the Mn distribution does not change up to 12% but increases above 12% over the MnO concentration range investigated at a fixed oxygen partial pressure of 3. 7 X 10· 12 atm. 2. 2 .--.-----.--r-.--.-----.----.--,-.,.-,-- [%Mn] T
Although experiments were carried out over the temperature range from 1400 to 1500 °C , it can be reasonably extrapolated up to 1600 °C to estimate the equilibrium Mn distribution for the identical slag system.
The partial molar heats of solution of Mn in Fe-Mn and
MnO in this slag system can be estimated from the relation between partial molar Gibbs free energy and activity for a specified component.
MnO ( 1. 5 2 Fig. 12 The amount of MnO required to achieve a given equilibrium Mn content in Fe-C,. 1 and pure Fe for the smelting reduction of MnO at 1823K. These expressions can reasonably predict the charging amount of Mn oxide required for a given Mn content through extrapolation.
